LMO methods in cheese samples collected from different manufacturers, which impairs evaluating the performance of this alternative method. We concluded that the conventional method provided a better recovery of L. innocua throughout cheese ripening, being able to detect L. innocua at 60-day, aging period which is required by the current legislation.
Introduction
Artisanal cheeses are widely appreciated and constitute a specific group of cheeses produced on farms on a small scale using traditional techniques. 1 In addition to their cultural, social and economic relevance, these cheeses also have a complex made from raw bovine milk with addition of the "pingo", a natural fermentation starter originated from whey collected from successful cheese production from the previous batch. 8 There is a clear risk of pathogen transmission in the production of artisanal cheese. 9 Loncarevic et al., 10 for example, found Listeria monocytogenes in 42% of cheeses made from raw milk and in 2% of cheeses made from pasteurized milk. L. monocytogenes is a Gram-positive bacteria and causal agent of listeriosis whose clinical symptoms may include gastrointestinal diseases, meningitis, septicemia or even death. 11 In industrialized countries, milk and dairy products are involved in 2-6% of outbreaks of foodborne illnesses 12 and L. monocytogenes is one of the major pathogens involved in these outbreaks. 13 Throughout the world, 261 clinical cases and 18 deaths were caused by listeriosis outbreaks associated with raw milk or raw milk cheese from January 2000 to 2010. 14 Annually, L. monocytogenes is responsible for approximately 2500 cases of listeriosis, 2289 hospitalizations and 449 deaths in the United States. 15 To avoid illnesses in the consumption of artisanal cheeses, it is recommended in addition to the adoption of Good Manufacturing Practices and Hazard Analysis and Critical Control Point tools 16 that the cheeses be aged for 60 days prior to commercialization. 17, 18 Brazilian law was recently changed, thus allowing raw milk cheeses be matured for a period less than 60 days, if the provided technical and scientific studies demonstrate that reducing the maturation period does not compromise the quality and safety of the product. 19 This rule is based on the assumption that even if pathogenic microorganisms were initially present in raw milk, they would be inactivated by changes throughout ripening, 20 which include low pH, water activity, high salt content and a competitive environment. 21 However, studies suggest that if pathogenic bacteria are present in the milk prior to cheese production, they could still survive. [22] [23] [24] Safe L. monocytogenes levels can vary until 100 CFU/g, only for products where the growth of L. monocytogenes is maintained in this limit until the end of its shelf life, 25 to absent in 25 g. 26, 27 The current legislation on food and health suggests an increased need for sample collection and analytical methods that are faster, cost-effective and easy to apply in the industry. 26, 28 Therefore, alternative pathogen detection methods in food have proven to be positive for the industry because of their practicality, agility and potential for automation. 29 These methods eliminate some steps relative to conventional methodologies, such as selection of typical colonies on selective culture media and morphological, biochemical and serological tests. 28 Current molecular methods based on the amplification of target DNA by PCR and immunodetection based on the antigen-antibody reaction are the main alternative methods for pathogen detection. [30] [31] [32] [33] [34] The analytical methods must also be suited to the food matrix and have good performance attributes such as a low detection limit and high sensitivity, specificity and accuracy. Emphasis is given to the adequacy of the pathogen detection methods to the intrinsic feature of the food matrix, since the competing microbiota 35 and physical-chemical can interfere with performance of these methods. So here, we showed a study comparing the performance of two alternative methods of analysis of Listeria against the conventional method throughout artisanal Minas cheese ripening, also taking into account the influence of the intrinsic characteristics of these samples in the analyses.
Materials and methods

Detection of L. innocua by the conventional and immunoanalytical methods in artificially contaminated artisanal Minas cheese samples
Fifteen artisanal Minas cheese samples were produced on laboratory scale from raw milk obtained from three suppliers in the Serro region and was artificially contaminated with 10 CFU/mL of L. innocua ATCC 33090 as a surrogate for L. monocytogenes. The cheese samples were manufactured as described by Pinto et al. 23 Negative controls were also produced with raw milk not inoculated with L. innocua.
The survival of L. innocua was evaluated using conventional and immunoanalytical methods at five different times of ripening (5, 15, 30, 45 and 60 days) . In each period, three independent samples were evaluated.
To detect L. innocua using conventional method, 36 25 g of the cheese were homogenized in 225 mL of Listeria Enrichment Broth -LEB (Acumedia, Lansing, USA), and after incubation for 20-24 h at 30 ± 1 • C, 0.1 mL aliquots were transferred to 10 mL of supplemented Fraser broth (Oxoid, Basingstoke, UK). After incubation for 25 ± 1 h at 30 ± 1 • C, selective plating was performed in Oxford agar (Difco, Sparks, USA) and Palcam agar (Merck, Darmstadt, Germany). Typical Listeria sp. colonies were selected on TSA agar (Oxoid) containing 6% (w/v) yeast extract (MicroMed, Rio de Janeiro, Brazil) and submitted to biochemical characterization. Biochemical tests included catalase, Gram stain, motility, nitrate reduction, methyl red, Voges Proskauer, carbohydrate fermentation in phenol-red broth with xylose (Vetec, Rio de Janeiro, Brazil), rhamnose (Merck), mannitol (Merck) and alpha-hemolysis in Columbia agar (Oxoid) supplemented with 5% (v/v) defibrinated sheep blood.
The immunoassay method Listeria Test Kit PN 18220002 DuPont TM Lateral Flow System TM (DuPont Qualicon, Wilmington, USA) was also used to detect Listeria sp. in the same samples previously described, according to the manufacturer's recommendations. Aliquots of the enrichment broth were boiled in a water bath for 15 min, transferred to microtubes containing immobilized anti-Listeria sp. antibodies and then the results were read after 10 min at room temperature.
Detection of L. monocytogenes by the conventional and immunoanalytical methods in artisanal Minas cheese samples
A total of 48 samples of Serro Minas cheese with different ripening times were collected from different manufacturers in Serro, Minas Gerais, Brazil. Half of these samples had ripening times less than 60 days and the other samples were greater than 60 days. The analysis of L. monocytogenes was performed according to the conventional method described above. To detect L. monocytogenes by the VIDAS ® -LMO method, from bioMérieux, Marcyl'Etoile, France, 37 25 g of cheese samples were homogenized in 225 mL of supplemented Fraser broth (Oxoid). After incubation for 25 ± 1 h at 30 ± 1 • C, 1 mL aliquots were transferred to 10 mL of Fraser broth without any supplement. After incubation under the same conditions, 1 mL aliquot of the secondary enrichment broth was boiled for 15 min, and 0.5 mL of this suspension was analyzed in the Mini-VIDAS ® immunoassay analyzer (bioMérieux, Marcyl'Etoile, France) using the VIDAS ® -LMO kit.
Evaluation of intrinsic characteristics of artisanal Minas cheese
The intrinsic characteristics of all artisanal Minas cheese samples were evaluated in terms of the lactic acid bacteria count, enumeration of total and thermotolerant coliforms and physical-chemical analysis.
Samples of 25 g were homogenized in 225 mL of saline peptone 0.1% (w/v) then the decimal dilutions were made and the most appropriate one was used to carry out two analyses. In the first, the aliquots were inoculated in MRS agar (Acumedia) with the pH indicator bromocresol purple (Merck) to assess the production of acid compounds. The plates were incubated in anaerobic jars (Oxoid) in a microaerophilic environment and incubated at 30 • C for 72 ± 3 h. Additional tests such as the Gram stain and catalase were performed to confirm the lactic acid bacteria count in the samples. 38 In the second, the aliquots were also transferred to series of three tubes for incubation at 36 ± 1 • C in lauryl sulfate tryptose (LST) broth (Merck) for the presumptive coliform test and Brilliant Green Broth (Merck) for the total coliforms confirmatory test. EC broth (Acumedia), incubated at 45 • C was used to confirm the presence of thermotolerant coliforms. 38 The water activity (a w ) was measured in an automatic analyzer (Decagon Aqualab, CX-2, Washington, USA). The pH was determined with a pHmeter (Tecnopon MPA-210P, São Paulo, Brazil) according to Richardson, 39 as were the titratable acidity and NaCl content. The moisture content was determined as the ratio between weight loss of the samples after drying at 102 ± 2 • C for 3 h and the initial weight of 5 g.
Data analysis
In order to avoid season variability, all artisanal Minas cheese samples were made or collected in the rainy season (October-March). The results of the microbiological evaluation were expressed as presence or absence in 25 g for Listeria sp. or L. monocytogenes detection, in log CFU/g for lactic acid bacteria count and in log MPN/g for coliform counts. The Lateral Flow System TM and VIDAS ® -LMO methods were compared to the conventional method and the performance of both methods was evaluated in terms of sensitivity, specificity and accuracy results. The analyses were performed using the Epi Info software. 40 The following equations were used (Fig. 1) . A descriptive statistical analysis was also used to characterize the samples in terms of physico-chemical characteristics and endogenous microbiota. The ANOVA test and the Tukey post-test or the Student's t-test were used to evaluate the differences between the mean of the parameters mentioned above, considering the ripening time of the cheese samples.
Results
Evaluation of the performance of Lateral Flow System
TM
and VIDAS ® -LMO methods
Out of 15 artisanal Minas cheese samples artificially contaminated with L. innocua analyzed using Lateral Flow System TM method, a total of approximately 54% were positive for Listeria against approximately 87% of positive samples detected by the conventional method. The Lateral Flow System TM method showed a poor performance for this food matrix when compared to the conventional method due to the low sensitivity and accuracy values (Table 1) . Our results showed a high discrepancy between sensitivity and specificity values in the Lateral Flow System TM method. The low sensitivity value demonstrates a high detection limit and a low sensitivity to the antibody used. This observation is confirmed by the considerable proportion of approximately 34% of false-negative results ( Table 1) . The intentional contamination of raw milk allowed evaluating the survival of L. innocua over the ripening period of the artisanal cheese samples. By the conventional method, L. innocua could be recovered throughout all ripening days. 
Intrinsic characteristics of artisanal Minas cheeses
There was a wide variation in the intrinsic characteristics in the cheese samples throughout ripening. Some of these analyses showed statistical differences between the ripening times (Tables 3 and 4 ). These analyses should be evaluated carefully, as they may interfere with the Listeria growth and consequently with the performance of the analysis methods.
The artificially contaminated samples with L. innocua presented lactic acid bacteria, total coliform and thermotolerant coliform counts above 6 log CFU/g, 3 log MPN/g and 2 log MPN/g, respectively (Tables 3 and 4) . Only the coliform group reduced throughout the days of ripening (Tables 3 and 4) . The high counts of total and thermotolerant coliforms is an indication of low hygiene quality of the raw material used in the manufacturing of this cheese and it is important to consider that the ripening over 60 days was important for their reduction to safe levels, according to current legislation which requires values less than 10 4 total coliforms/g of cheese and 5 × 10 3 thermotolerant coliforms/g of cheese.
The low pH and high titratable acid values at the end of ripening reflect the lactic acid produced by lactic acid bacteria (Tables 3 and 4 ). The variation in the NaCl content in the samples during the cheese ripening (Table 3 ) may reflect the lack of standardization of salting during the artisanal manufacturing process of these cheeses. The water activity is reduced throughout cheese ripening due to the loss of moisture and consequently, the NaCl content increased in samples collected from different manufacturers (Table 4) . There is no statistical difference between the means of the parameters followed by at least the same letter considering the days of ripening at 5% probability by Student's t-test.
Discussion
In this study, we evaluated the survival of L. innocua during artisanal cheeses ripening by using two analytical methods. The applicability of the use of L. innocua instead of L. monocytogenes has been reviewed previously and even in other cheese studies. Furthermore, L. innocua has also been isolated from artisanal cheeses. These strains are physiologically close, so L. innocua is an effective biological indicator of the potential survival of L. monocytogenes. [41] [42] [43] [44] [45] [46] [47] Regarding this, the intentional contamination of raw milk cheese with L. innocua provided a better comparison between the conventional and Lateral Flow System TM methods due to the increase of the frequency of the evaluated microorganism. The low sensitivity by the Lateral Flow System TM method indicates the difficulty of this method in discriminating results which are positive. The low accuracy values indicate the difficulty of using this method in discriminating positive results when the pathogen is present and also for negative results when the pathogen is absent (Table 1) .
Moreover, a good method should have both high and similar sensitivity and specificity values because these factors would yield fewer false-positive and false-negative results and therefore provide high accuracy. The intentional contamination of the samples with L. innocua also allows the evaluation of survival of this bacterium throughout the ripening of artisanal Minas cheese (Table 2) . Therefore, L. monocytogenes would be able to survive for 60 days of ripening in the artisanal Minas cheese. In agreement with our findings, the survival of L. monocytogenes was confirmed at 42 days of ripening in cheeses made with raw goat's milk, a traditional French cheese and in cheeses inoculated with 10 2 CFU/mL of this pathogen. 22 Rogga et al. 48 observed that the type of cheese (industrial or artisanal) and the storage temperature did not significantly affect the survival of L. monocytogenes inoculated at 10 3 CFU/mL. In a traditional cheese from Portugal made from raw sheep's milk, a significant increase in the L. monocytogenes count was observed over 42 days of ripening. 49 The initial L. monocytogenes contamination at 10 3 CFU/mL or 10 7 CFU/mL did not significantly affect the number of pathogens that survived in Galotyri industrial cheese ripened for 28 days and stored at 4 • C. 48 The number of L. monocytogenes increased during the manufacturing and ripening of Camembert-type cheese made from raw cow's milk. 50 Pinto et al. 23 showed that L. innocua can grow throughout the ripening of artisanal cheeses made with cow's milk, and the intrinsic characteristics of the cheese apparently did not interfere with detection by the conventional method.
Our results showed by conventional and VIDAS ® -LMO methods, the absence of L. monocytogenes in Serro Minas cheese samples obtained directly from producers and, considering this, these samples attend specifications established by Brazilian law, 27 which is the absence of L. monocytogenes in 25 g of cheese. The absence of L. monocytogenes from cheeses made from raw milk in the United States and Brazil was also reported by Brooks et al. 21 and Galinari et al., 51 respectively. However, these results must be viewed with caution, since we must consider that contamination of these samples might be low or there may be inhibition of L. monocytogenes throughout the ripening, since this pathogen is resistant to adverse conditions and can survive in the ripened cheese. 52 In other studies this pathogen has been detected in artisanal cheeses 14, 53, 54 and cheeses made from raw milk have been reported as vehicles in listeriosis outbreaks. 14, 55 Despite of our negative results, the efficiency of the VIDAS ® -LMO method has been reported in other food matrices, such as ice cream, cheese, cooked roast beef, frozen green beans and frozen tilapia. Of the 457 positive samples detected by the conventional method, 448 were positive by the VIDAS ® -LMO method, and there was no significant difference between the methods. 56 The VIDAS ® -LIS method showed 86% concordance with the conventional culture method for the detection of Listeria sp. in food. Of the 935 positive samples, 809 were detected by the conventional method and 839 by the VIDAS ® -LIS method. 57 In meat samples, a high number of false-positive results for Listeria using the VIDAS ® system was found in a previous study; 58 this method was more suitable for detecting negative samples.
Although it was not possible to properly evaluate the performance of the VIDAS ® -LMO method in this study, other studies in the literature have shown promising results with respect to this method. The VIDAS ® method yielded values of 98.1%, 97.0% and 97.5%, for sensitivity, specificity and accuracy, respectively. The rates of false negatives and false positives were 1.9% and 3.0%, respectively, for the detection of L. monocytogenes in food samples. 59 Conflicting results are also reported in the literature regarding the performance of immunoanalytical methods. Aldus et al. 60 observed good performance of the Lateral Flow immunoassay for detection of verotoxigenic Escherichia coli, with a false-negative rate of less than 2%, a false-positive rate between 9 and 6% and a detection limit of 3 CFU/g, also meeting the Canadian criteria 61 for alternative methods.
Cheeses made from raw milk have heterogeneous microbiota and the population of lactic acid bacteria reaches numbers above 6 log CFU/g (Tables 3 and 4) . This microbiota, which were present in concentrations under 6 log MPN/g, is essential to inhibit the growth of undesirable microorganisms such as coliforms. Even as in the study of Borelli et al. 62 and Cardoso et al. 63 the ripening process of our samples was effective in reducing the contamination detected by the most important microbiological indicators for contamination of cheese according to Brazilian law.
The presence of competing microbiota (Table 3) in artisanal cheese may have another effect, which is the compromised detection of Listeria when this bacteria is present (Table 2) . Maybe this is why we observed a performance difference between the two methods used to evaluate the artificially contaminated cheese samples. The interference of the endogenous microbiota of raw milk in the detection of L. monocytogenes by the conventional methodology has been demonstrated by Nero et al. 35 These authors observed that the recovery of L. monocytogenes at concentrations below 2 log CFU/mL was possible only when the endogenous microbiota was present at concentrations below 4 log CFU/mL. Imran et al. 64 also demonstrated, using culture and mathematical modeling, that the competitor community significantly reduces the growth of L. monocytogenes, regardless of the pH. It is likely that the combined effect of the endogenous competing microbiota which produce inhibitory compounds such as organic acids, hydrogen peroxide and bacteriocins and the physical-chemical characteristics of artisanal cheeses injure pathogenic cells and affect the performance of the methods evaluated. 11, 12, 65 Some physical-chemical results (Tables 3 and 4 ) were in accordance with Souza et al. 66 These intrinsic characteristics changes (Tables 3 and 4 ) throughout cheese ripening could inhibit the growth of Listeria and other pathogens if present but not necessarily viability loss. Because of this, the fundamental focus on avoiding the public risks of these products is the adoption of good manufacturing practices.
Conclusions
This study showed that the conventional method provided a better recovery of L. innocua throughout artisanal Minas cheese ripening in artificially contaminated samples than immunoanalytical methods, which is probably due to the interference of the intrinsic characteristics of the artisanal cheeses. The intentional contamination of cheeses with L. innocua also demonstrated that this microorganism is able to survive during the ripening period required by legislation. So, although the alternative methods for detection of microorganisms in food are beneficial mainly because they obtain faster results, their performance should be evaluated for applicability to the food matrix. Despite the low frequency of L. monocytogenes in Serro Minas cheese, which impairs evaluating the performance of the method VIDAS ® -LMO, cheeses made with raw milk offer a potential health risk to consumers. Thus, the use of quality tools such as good practices should be a subject of attention in this type of product.
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